Five strains of the genus Leptuspiru belonging to serogroup Pyrogenes were isolated from cattle slaughtered in Zimbabwe and subjected to cross-agglutinin absorption and restriction fragment length polymorphism analysis. One strain, SBF 2, represents a new genetic strain of serovar kwule, while another strain, SBF 49, is a new genetic strain closely related to serovar nigeriu. Three strains belong to a new serovar for which the name mombe with reference strain SBF 20 is proposed. Restriction fragment length polymorphism analysis indicated that each of these three strains represents a different restriction polymorphism pattern group.
The group of strains of the genus Leptospira classified in serogroup Pyrogenes currently consists of 14 recognized serovars (18), with two other serovars being considered (5, 10) .
Most of the reference strains of these serovars were initially isolated from humans (1-3, 8, 15, 19, 32, 33) and wildlife (13, 24, 25, 27) . Isolation of strains of serogroup Pyrogenes from the bovine species has been limited (6).
In Africa, titers to the Pyrogenes serogroup have been detected in cattle from Uganda (4), in goats and sheep in the Sudan (26) , and in humans in Nigeria (9). Strains of serogroup Pyrogenes have been isolated in Kenya and Nigeria. The reference strain of serovar h a l e was isolated from a boy in Kenya (8) while that for the proposed serovar nigeria was isolated from cattle slaughtered at Jos abattoir in Nigeria (10) . Diallo and Dennis (6) also isolated strains of serovar pyrogenes from kidneys of cattle in Zaria, Nigeria.
Leptospires are usually well adapted to a particular host with which they establish a commensal relationship. The natural hosts form an infection reservoir in which the leptospiral population is maintained. Leptospires may also be transmitted by their natural hosts to other animals or man with whom the reservoirs share the same ecological niche. In this way, other animals and man may then become accidental hosts, as the infecting leptospires are not adapted to the host and cannot colonize their kidneys. The leptospires are usually pathogenic to these accidental hosts.
Leptospires are usually characterized by a particular antigenic structure in the natural host-leptospire relationship. This structure is defined by using the cross-agglutinin absorption tests (CAAT), the results of which form the basis of the serovar concept (7) . The serovar concept is still applicable in many situations but is not always fully satisfactory, as it may delineate artificially closely related strains on one hand while failing to distinguish between antigenically similar strains that have different ecological niches on the other hand. In addition, genetic analyses have demonstrated that antigenically and thus phenotypically similar strains may be genetically very diverse (14, 22, 34) . Conversely, genetically analysis has sometimes failed to differentiate between antigenically different strains (28, 30, 35) .
On the subspecies level, serology, based on antigenic traits, is still the recognized and generally accepted method for classification for members of the genus Leptospira. The CAAT, the basic method, is however, time-consuming and difficult. Recently, a variety of modern methods for genetic analysis have become available (14, 17, (20) (21) (22) 34) . Although useful, these methods have failed so far to present a coherent picture which would allow for the development of a natural and logic classification system based on genetic traits. In this respect, it must be stressed that the splitting up of pathogenic leptospires from one into seven species on the basis of hybridization experiments (22, 34) , is so far mainly of academic interest. As far as practical epidemiology is concerned, little has changed with regard to the monospecies situation. The differences revealed by hybridization experiments so far are still too crude to describe the desired host-leptospire relationships. In addition, the techniques for hybridization are still too complicated to be performed outside a few highly specialized laboratories, a fact which emphasizes the lack of consequence of speciation for the purpose of contributing to practical typing at the subspecies level. A classification system based on genetic traits should be refined to allow for subspecies characterization and should be easy to carry out in terms of the needs of practical epidemiology. Once this system is developed, it should give useful additional information, as antigenically similar strains may belong to different species (14, 22, 34) .
It is our opinion that pending the development of a new classification system and new typing methods, leptospires should be issued a serovar status and be typed by the recognized standard method, the CAAT (7). The CAAT should be complemented by a genetic method in order to generate necessary additional information, notably for cases in which the serology test fails to differentiate between genetically different leptospires. Restriction fragment length polymorphism analysis (RFLP) is the method of choice to obtain additional information, as most reference strains have already been examined by this method and the bulk of the information is readily available (29) . So far, results of RFLP have often confirmed the differences that exist between serovars (16, 23) .
The isolation and serogrouping of five strains belonging to serogroup Pyrogenes from Zimbabwe beef cattle have been described previously (11) . This paper describes the identification of these strains to the serovar level, which was accomplished by using the CAAT and RFLP analysis of their genomic DNA.
soni, varelu, and zanoni) and from the isolates, for use in the CAAT, were produced in paired rabbits and pooled before use as previously described (12) . Reference strains (18) were used, except for serovar varelu for which strain LT 992 was substituted for strain LT 1019. The reference strains are part of the MATERIALS AND METHODS reference collections at either the National Reference Laboratory, National Animal Disease Center (Ames, Iowa), or the Antisera from reference strains of the 14 recognized and the 2 proposed serovars belonging to serogroup Pyrogenes (abramis, alai, big&, camlo, guaratuba, hamptoni, h a l e , manilae, menglian, myocastoris, nigena, princestown, pyrogenes, robinWorld Health Organization-Food and Agriculture Organization Leptospirosis Reference Laboratory (Amsterdam, The Netherlands).
The five Pyrogenes isolates from Zimbabwe beef cattle were labelled SBF 2, SBF 20, SBF 28, SBF 43, and SBF 49. These isolates and their antisera were tested in reciprocal tests against each other and against the reference strains and antisera of the serogroup Pyrogenes. All the Zimbabwean isolates were cross-absorbed against each other's antisera. Only those reference strains which had a reciprocal agglutination titer of at least 1:1,600 with the isolates were used in CAAT. CAAT were performed by the Bratislava technique as described by Dikken and Kmety (7) , and the results were confirmed by the Amsterdam laboratory.
The RFLP patterns of the five Zimbabwe strains (SBF 2, SBF 20, SBF 28, SBF 43, and SBF 49) were compared with those of serogroup Pyrogenes serovar alai, camlo, hamptoni, h a l e , nigeria, princestown, pyrogenes, and robinsoni reference strains. Selection of these serovars was based on the results of the CAAT. Bacterial chromosomal DNA extraction, restriction endonuclease digestion, gel electrophoresis, and photography were carried out as described by Thiermann et al. (30).
RESULTS
Isolates are considered members of a serogroup if they react to at least 6% of the homologous titer with sera from most members of the serogroup (7). All the five isolates reacted to this level with most members of the Pyrogenes serogroup, except for serovars guaratuba and varela with which they showed very little similarity. Strains SBF 2, SBF 20, SBF 28, SBF 43, and SBF 49 were identified as belonging to serogroup Pyrogenes on this basis.
Two strains are considered to belong to different serovars if after cross-absorption with adequate amounts of heterologous antigen, 10% or more of the homologous titer regularly remains in at least one of the two antisera in repeated tests (7) . The results demonstrated that the SBF strains belong to three serovars, represented by strains 2; 20,28 and 43; and 49 (Table Antisera of strains SBF 2 and SBF 49 both had a titer higher than 1: 1,600 to reference strains representing serovar hamptoni, h a l e , pyrogenes, and robinsoni. In addition, the antiserum of strain SBF 49 had high titers to the reference strains of serovar alai and the proposed serovar nigeria.
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The results of the CAAT with strain SBF 2 and the reference strains are shown in Table 2 and indicate that strain SBF 2 belongs to serovar h a l e .
Strain SBF 49 showed a close relationship to the reference strain of the proposed serovar nigeria but had a titer a little above the 10% limit consistently remaining in at least one of the two antisera (Table 3) . Therefore, on the basis of these results, strain SBF 49 is antigenically closely related to serovar nigeria strains.
Although CAAT were carried out with strains SBF 20, SBF 28, and SBF 43, only the results for strain SBF 20, which had the broadest relationship with other Pyrogenes serogroup serovars, will be presented, and this strain will therefore be used as the reference strain for this subgroup. Strain SBF 20 was closely related to the serovars alexi, camlo, hamptoni, h a l e , menglian, nigeria, princestown, pyrogenes, and robinsoni. It was therefore cross-absorbed with reference strains of these serovars ( Table 4) . The results indicate that strain SBF 20 is antigenically different from members of all previously described serovars of serogroup Pyrogenes. The three strains (SBF 20, SBF 28, and SBF 43) therefore represent a new serovar within serogroup Pyrogenes.
Each of the five isolates produced unique RFLP patterns when digested with the endonucleases EcoRI (Fig. 1) and HhaI (Fig. 2) . Strain SBF 2 (lane 1) shows a pattern which is different from that of the reference strain for serovar h a l e 
DISCUSSION
Genetic analysis by RFLP has demonstrated again its power in marking clear distinctions between some Zimbabwean cattle isolates and between antigenically similar reference strains and isolates, with strain SBF 2 representing a new genetic type in serovar h a l e and strain SBF 49 representing a new genetic type closely related to serovar nigeria. This is the first report of these two serovars in Zimbabwe. We were also able to identify a new serovar, mornbe, represented by strain SBF 20, which is antigenically and genetically different from other serovars in the same serogroup. Within serovar mornbe, we were able to demonstrate three different genetic types represented by isolates SBF 20, SBF 28, and SBF 43. We believe that all the isolates examined are now sufficiently characterized to allow further studies which, since this study records the second African country from which strains of serogroup Pyrogenes have been isolated from cattle, should address the key issue of whether cattle are natural hosts of these isolates in Africa. If cattle are only accidental hosts, these studies should determine the animal species to which the isolates are adapted. Although the isolates examined in this study are now sufficiently characterized for practical purposes, once again the limitations of serological analysis have been illustrated. Clearly, subspecies classification of leptospires is at a crossroad. It is regrettable that the present state of technological development does not yet allow quick and easy determination of the species to which a leptospiral isolate belongs, as this might add to the elucidation of a still obscure natural subspecies classification system based on phylogenetically determined relationships. Pending new developments in genetic analysis of leptospires, serology is still the best method for initial typing, as even simple agglutination with conventional rabbit reference antisera can give quick results which may satisfy the demands of epidemiological practice in many situations. In addition, there might remain a place for antigenic analysis through serological methods even in the long term, since the phenotype might, in some cases, present the host-leptospire relationship more clearly than genetic analysis. RFLP analysis is a useful adjunct or often an alternative to serology. Results by this method are less quick and less easy to obtain than those of serology, but the advantage is that the method is widely available and not technically demanding and the results are easy to interpret when a data base of reference strains or their reference patterns is available. 
